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[51] ABSTRACT 
An oscillator-mixer arrangement including a dual-gate 
?eld effect transistor of the Schottky type for supplying 
an intermediate frequency output signal. The output 
signal is obtained by subtractively mixing a high fre 
quency input signal and a signal produced in the ar 
rangement. The input signal is applied to the ?rst gate 
electrode (6]), the produced signal is controlled by the 
second gate electrode (6;), and the output signal is 
recovered at the drain electrode (D), while the source 
electrode (S) is directly connected to ground. A micro 
strip line having a characteristic impedance Z0 which is 
electromagnetically coupled to a dielectric resonator 
and loaded by an impedance (Z0) is connected to the 
second gate electrode (G2). The arrangement is in 
tended to be included in a receiver front end assembly 
for very high frequency waves, typically of a frequency 
of 12 GHz, used for broadcasting radio-television pro 
grams by arti?cial satellites. 

6 Claims, 6 Drawing Figures 
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DUAL GATE FET OSCILLATOR MIXER 

BACKGROUND OF THE INVENTION 

The invention relates to an oscillator-mixer arrange 
ment comprising a dual-gate ?eld effect transistor of the 
Schottky type, intended to supply an output signal of a 
frequency which is commonly referred to as an interme 
diate frequency. The output signal is obtained by sub 
tractively mixing a high frequency input signal and a 
locally produced signal. The input signal is applied to 
the ?rst gate electrode (G1), and the locally produced 
signal is controlled by the second gate electrode (G2). 
The output signal is recovered at the drain (D), while 
the source (S) is directly connected to ground. The 
arrangement is used in the field of very high frequency 
circuits, more speci?cally the reception of very high 
frequency waves. 
Such a circuit is intended to be incorporated in a front 

end assembly receiving very high frequency waves, 
typically having a frequency of 12 GHz, used in the 
distribution of radio-television programs by means of 
arti?cial satellites. These programs can be received by 
ground-based receiving stations of a comparatively 
large size, thereafter broadcasted by local networks, or 
by small community stations serving schools, informa 
tion centers or houses, and even individuals, particu 
larly in the regions which are not covered by ground 
based transmitter networks. 

In general, a front end forms the interface between 
the receiving aerial and the receiver circuits of the tele 
vision set. It functions to amplify the signal coming 
from the aerial and to reduce its frequency from 12 GHz 
to 1 GHz. Front end “assembly” is to be understood to 
mean that it is formed by integrated circuits, typically 
by ?eld effect transistors, of gallium arsenide, because 
of their good very high frequency performance. 
Reducing the frequency, from 12 61-12, the frequency 

assigned by the CCIR to telecommunication by means 
of arti?cial satellites, to 1 GHz, the intermediate fre 
quency before demodulation by the circuit of the televi 
sion receiver, is known from the prior art. It generally 
requires the presence of a local oscillator having a fre 
quency of approximately 11 GHz, and a mixer from 
whose output a 1 GHz signal is derived. The respective 
circuit diagrams of a local oscillator and a mixer, pub 
lished in Inter Electronique dated Apr. 28, 1978 is men 
tioned by way of example. 
The ever-increasing degree of integration of the re 

ceiving front end dictated by the necessity to reduce the 
manufacturing cost of such a system, has induced appli 
cant to search for a component which combines the 
functions of mixer and oscillator. 
The dual-gate ?eld effect transistor of the Schottky 

type is suitable for that purpose. From the prior art it is 
known to use it as a mixer, and the publication entitled: 
“An X-Band Dual Gate Fet Mixer”, by S. C. Cripps et 
al, Proc. 1977 European Microwave Conference is men 
tioned as an example. Its use as an oscillator-mixer is 
also known, and the publication entitled: “A self oscil 
lating dual gate Mesfet X-Band Mixer, with 12 dB con 
version gain”, by C. Tsironis et al, in the 8th European 
Microwave Conference Dig. Techn. Papers, Brighton, 
England, published in September 1979 is mentioned as 
an example. 

In accordance with the last-mentioned publication 
the second gate electrode of a dual gate MESFET tran 
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2 
sistor is connected to a line of the variable-length micro 
strip type, whose end is short-circuited. 

This device effectively forms an oscillator-mixer, 
however, it has the disadvantage that it cannot be stabi 
lized by means of a resonator and for that reason its 
oscillating frequency is comparatively unstable, which 
makes impossible its use in the front end for receiving 
very high frequency waves for television. 

SUMMARY OF THE INVENTION 

It is an object of the invention to obviate the above 
mentioned drawback by proposing a different construc 
tion which can be properly stabilized. 
According to the present invention the oscillator 

mixer device is characterized in that a line of the micro 
strip type having a characteristic impedance Z0 and 
being electromagnetically coupled to a dielectric reso 
nator and loaded by an impedance (Z0), is connected to 
the said second gate electrode (6;). 

In this manner the transistor generates a signal whose 
frequency is the resonant frequency of the dielectric 
resonator. I 

In a speci?c use of the device in accordance with the 
present invention it functions as a simple oscillator. 

In accordance with a preferred embodiment of the 
oscillator-mixer device the input and the output are 
adapted to operating frequencies which are used in 
order to increase the conversion gain. 

In accordance with a preferred embodiment of the 
oscillator device the input and the output are adapted to 
the selected oscillation frequency, in order to increase 
the oscillation strength. 

BRIEF DESCRIPTION OF THE DRAWING 

The following description which is given by way of 
example with reference to the accompanying drawing 
will make it better understood how the invention can be 
put into effect and its advantages. 
FIG. 1 is a circuit diagram of the oscillator-mixer in 

accordance with the present invention, 
FIG. 2 shows the instability circle of the dual gate 

MESFET transistor at a selected frequency of, for ex 
ample, 11 GHz, and the impedance seen by the second 
gate (G2) as a function of the frequency, in the Smith 
chart, 
FIG. 3 shows a curve which represents the conver 

sion gain as a function of the frequency of the received 
input signal, 
FIG. 4 is a circuit diagram of an oscillator in accor 

dance with the present invention, - 
FIG. 5 shows the instability circles of the dual gate 

MESFET transistor and the impedance seen by the 
second gate (G2) as a function of the frequency, in the 
Smith chart, 
and FIG. 6 shows a curve which represents the 

power supplied by the oscillator and the quality factor 
Qext as a function of the polarization voltage applied to 
the drain electrode. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An oscillator-mixer arrangement in conformity with 
the present invention comprises a dual-gate ?eld effect 
transistor of the Schottky type (“dual-gate MESFET”) 
denoted by reference numeral 1 in FIG. 1, which is the 
active element of both the oscillator and the mixer. 
Such a transistor is well-known from the prior art and 

by way of example we mention the article “Dual-Gate 
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Gallium Arsenide Microwave Field-Effect Transistor”, 
published by J. TURNER et al, in Electronic Letters, 
Volume 7, pages 661-662, November 1971. Its ex 
tremely diverse applications are however only quite 
recent, and have been made public from 1975 up to the 
present, while its use as an oscillator-mixer dates from 
1979. 

In the latter application the input signal is preferably 
applied to its ?rst gate electrode (G1) considered from 
the source (S), and the created signal is controlled by 
the second gate electrode (G2), while the output signal 
is recovered at the drain (D). 

This arrangement seems indeed to be the most advan 
tageous, as appears from the information contained in 
the publication in International IEEE Microwave Sym 
posium (Ottawa, June 27-29, 1978) at pages 309-311 of 
the article by P. T. Chen et al entitled: “Dual-gate GaAs 
FET As A Frequency Multiplier At Ku-Band”. Partic 
ular reference is made to the transconductance curves 
as a function of the polarizing voltages of the ?rst gate 
electrode with respect to the source (V 615), for differ 
ent polarising voltages of the second gate electrode 
with respect to the source (V G25). The inverse arrange 
ment is also possible without departing from the scope 
of the present invention, but is less advantageous. 

Therefore, the self oscillating mixer device 1 shown 
in FIG. 1, comprises a source electrode (S) which is 

' directly connected to ground; a ?rst gate electrode (G1) 
to which the high frequency (12 GHz) input signal 
received, for example, from the arti?cial satellite is 
applied via a capacitor C1 and an impedance Z1, and to 
which the bias voltage V61 is applied via an inductance 
L1 and the impedance Z1; a second gate electrode (G2) 
which, in accordance with the present invention, is 
connected to a ?rst end of a micro-strip line 2, having a 
characteristic impedance Z0, typically of 60 Q, the 
other end being loaded by an impedance Z0 having the 
same value, while the line 2 is electromagnetically cou 
pled to a dielectric resonator; and, ?nally, a drain elec 
Itrode (D) from which the output signal is obtained at an 
.I'intermediate frequency (for example 1 GHz). An open 
quarter-wave line 4, which behaves as a short-circuit for 
the frequencies of the input signal and of the created 
signal, is electrically=connected to the drain electrode. 
The arrangement behaves as an oscillator by creating 

a signal whose frequency (for example 11 GHz) is stabi 
lized by a dielectric resonator, and as a mixer by mixing 
the input signals, and provides ?ltering. At the output a 
signal is produced which is obtained by subtractive 
mixing, that is to say a signal whose frequency is the 
difference between the frequencies of the two signals 
applied to or controlled by the two gate electrodes (G1 
and G2). 

In this respect it may be useful to recall here that 
stabilizing the frequency of a signal by means of a di 
electric resonator such as a ceramic disc made of B32. 
Ti9.O20, or more generally of the BaO-TiOz system, is 
well-known from the prior art, particularly from the 
publication by J. K. PLOURDE et al, in the Journal of 
The American Ceramic Soc., Volume 58, pages 
418-420, September-October 1975 in the article “Bag. 
Ti9.020 as a Microwave Dielectric Resonator”. In ac 
cordance with the invention, applicant provides a novel 
oscillating circuit comprising a dual-gate ?eld effect 
transistor of the Schottky type, suitable for stabilization 
by this means. 
The presence of this dielectric resonator, for example 

in the form of a barium titanate disc, accommodated in 
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4 
a closed metal box or mounted directly on the same 
aluminium oxide substrate as the transistor, renders it 
possible to obtain an external quality factor as high as 
2000, and also to suppress any unwanted parasitic oscil 
lation. In addition, this disc can be positioned with re 
spect to the microstrip line in an easily reproducible 
manner. 

The electromagnetic coupling between the dielectric 
resonator and the loaded microstrip line connected to 
the second gate (6;) of the dual gate transistor has the’ 
following consequences: 

the transistor oscillates at the resonant frequency of 
the dielectric resonator which is extremely temperature 
stable; 

the transistor does not oscillate at other frequencies; 
the transistor will not oscillate in the absence of the 

resonator. These consequences result from the fact that 
the impedance seen by the input, at this second gate 
electrode (G2), Passes through an instability zone of the 
transistor as shown in FIG. 2 in the Smith chart. 
The impedance of the microstrip line, loaded by an 

impedance Z0 (for example having a value of 50 Q) and 
electromagnetically coupled to the resonator has the 
mathematical expression: 

wherein f0 is the resonant frequency of the resonator, 
and 4) the phase of Z2. 
The points which are representative of this impe 

dance Zz(f) in the Smith chart includes the point 0, at 
the center of the chart, and the points lying on the 
almost circular loop which is shown by means of a 
broken line. . 

The hatched area represents the instability zone of 
the transistor at a given frequency; the zone being po 
tentially unstable, as it does not contain the center of the 
chart, while S22 (the coef?cient of reflection at the out 
put) is below unity (I 522/ < 1). 

In accordance with a preferred embodiment of the 
oscillator-mixer arrangement, by means of a suitable 
choice of the impedance at the input of the ?rst gate 
electrode (G1) and by means of the open quarter wave 
line 4, the arrangement is adapted to the frequency of 
the input signal (for example 12 GHz) and to the inter 
mediate frequency output signal (for example 1 GHz) 
such that the conversion gain is maximum. 
For such an adapted circuit the conversion gain 

shown in FIG. 3 may reach approximately 5 dB, at an 
intermediate frequency lying between 0.9 and 1.1 GHz, 
for an input signal of 11.9 to 12.1 GHz. 
FIG. 4 shows another embodiment in which the ar 

rangement forms a simple oscillator which is stabilized 
by a dielectric resonator. In accordance with this em 
bodiment the oscillator comprises a dua1~gate ?eld ef 
fect transistor of the Schottky type, denoted by refer 
ence numeral 11. The source is connected to ground. 
The ?rst gate electrode is connected to a bias voltage 
V’Gls via an inductance L'1, and to ground via series 
connected capacitor C1 and impedance Z'1. The second 
gate electrode is connected to a ?rst end of a microstrip 
line 12 having a characteristic impedance Z'o (typically 
50 II), which is electromagnetically coupled to a dielec 
tric resonator 13. The other end of the line 12 is loaded 
by an impedance of the same value Z’O. The drain at 
which the oscillation signal is recovered is connected to 
ground via series-connected impedance Z’3, capacitor 
C’3 and load resistor R'3, typically 50 9.. The drain is 
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connected to a bias voltage V'DS via the impedance 2'3 
and an inductance L’; connected at the junction of the 
impedance 2'3 and the capacitor C3. 
FIG. 5 shows, in the Smith chart, the several instabil 

ity zones by means of hatched discs, each disc corre 
sponding to a given frequency, for example 11 GHz, 13 
GHz, 15 GHz and 17 GHz. 

It should be noted that the centers of these discs move 
as a function of the frequency, in such a manner that the 
phase in the center of the disc increases with frequency, 
while the phase 4) of Z2(f) decreases with frequency, 
which renders the system more selective and imparts to 
the oscillator an even higher quality factor Q. 

In accordance with a preferred embodiment of the 
oscillator, the impedances at the ?rst gate electrode 
(G1) and at the drain electrode (D) are chosen to opti 
mize the oscillating conditions and to increase the oscil 
lation strength supplied by the device to its maximum, 
respectively. 

In this manner it has been possible to realize oscilla 
tors with dual-gate ?eld effect transistors, stabilized by 
a dielectric resonator, in the frequency bands X and K", 
ranging between 8 and 18 GHz. The power applied to 
the load resistor may vary between 4 mW (17.8 GHz) 
and 18 mW (16.3 61-12). The quality factor and the 
oscillation power of this oscillator arrangement have 
been measured as a function of the bias voltage V’ D5 of 
the drain electrode, and are shown in FIG. 6. 

It will be obvious to a person skilled in the art that 
many variants can be thought of without departing 
from the scope of the present invention as it is de?ned in 
the following claims. 
What is claimed is: 
1. A self-oscillating circuit arrangement comprising: 
(a) a dual-gate ?eld effect transistor including ?rst 
and second gate electrodes, a drain electrode and a 
source electrode; 

(b) a ?rst input circuit comprising an input terminal, 
an input impedance electrically connected between 
said input terminal and the ?rst gate electrode, and 
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6 
means for applying a bias voltage to said ?rst gate 
electrode; 

(0) a second input circuit comprising a strip-type 
transmission line having one end electrically con 
nected to the second gate electrode, said transmis 
sion line being terminated in a load having an impe 
dance equal to the characteristic impedance of the 
line and being electromagnetically coupled to a 
dielectric resonator having a predetermined reso 
nant frequency; 

((1) an output terminal coupled to the drain electrode; 
and 

(e) means electrically connected to the source elec 
trode for referencing said electrode to'a predeter 
mined voltage; 

said circuit arrangement producing at the output 
terminal an output signal having a difference fre 
quency equal to the difference between the fre 
quency of an input signal applied to the input termi 
nal and the resonant frequency. 

2. A self-oscillating circuit arrangement as in claim 1 
where the characteristic impedance is approximately 
equal to 50 ohms. 

3. A circuit arrangement as in claim 1 or 2 including 
a strip-type quarter-wave open transmission line electri 
cally connected to the drain electrode for eliminating 
frequencies other than the difference frequency from 
the output signal. 

4. A circuit arrangement as in claim 1 or 2 where the 
input impedance has a magnitude which is selected to 
maximize the power conversion gain of said arrange 
ment. 

5. A circuit arrangement as in claim 1 or 2 where said 
input terminal is referenced to a DC voltage, said out 
put signal having a frequency equal to the resonant 
frequency. 

6. A circuit arrangement as in claim 5 including an 
output impedance electrically connected between the 
drain electrode and the output terminal, the magnitudes 
of the input impedance and said output impedance being 
selected to maximize the magnitude of the output signal. 
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